Introduction
Alzheimer's disease (AD) is a progressive degenerative disease of the central nervous system with marked memory impairment and agnosia, declines in daily functioning, and associated psychiatric and behavioral symptoms. The development of AD is a complex process involving the toxic effects of some excitatory amino acids, particularly glutamate -the most common excitatory neurotransmitter in the human brain which is closely related to cell death in the brains of individuals with dementia. [1] This toxicity is mainly mediated by N-methyl-D-aspartate (NMDA) glutamate receptors (a subtype of glutamate receptors) that play an important role in the early development of the nervous system, in the transmission of excitatory neurotransmitters within the central nervous system, in the plasticity of neuronal synapses, and in memory and learning. [2] Currently, there is no effective cure for AD so the focus of treatment is on stopping or slowing the progressive decline in cognitive functioning. [3] Memantine is a noncompetitive NMDA receptor antagonist which may slow down the neurodegenerative process of AD. Memantine blocks hyperactive NMDA receptors and, thus, can protect nerve cells by inhibiting Аβ deposition, decreasing the phosphorylation of tau proteins, and reducing abnormal synaptic signals and neuronal cell damage. [4] A 28-week multicenter, double-blind randomized placebo-controlled study conducted in the United States found that the progressive deterioration of moderate to severe AD could be alleviated with a daily oral dose of 20 mg memantine hydrochloride. [5] A subsequent 24 -week open-label extension study showed that all of the measures of efficacy considered in the study improved significantly in the individuals who had received placebos when they were subsequently treated with memantine hydrochloride. [6] Based on these findings, in 2003 memantine hydrochloride was approved by the United States Food and Drug Administration for the treatment of moderate to severe AD. [7, 8] Other studies have reported that it is also effective for mild AD. [9, 10] Clinical trials suggest that continuous treatment with menantine can improve cognitive and daily functioning in patients with AD, [11] but the long-term use of this medication can be quite costly. This can be a major financial burden for patients and their families or for national health insurance systems in countries with rapidly aging populations. To reduce the cost of treating this increasingly prevalent condition in China, the State Food and Drug Administration of China approved clinical trials of a domestically manufactured generic version of memantine hydrochloride (jointly developed by Anhui Huachen Pharmaceutical Ltd and Bio-technology Ltd of the University of Science and Technology of China; approval number 2005L02694). If this generic form of the medication is approved it will cost less than half that of the imported proprietary form.
The current randomized controlled trial was conducted in six centers in China from 1 February 2009 to 28 July 2010 to assess the efficacy and safety of domestically manufactured (i.e., generic) memantine hydrochloride tablets in the treatment of moderate to severe Alzheimer's disease.
Methods

Sample
The six participating centers in the study included two specialty psychiatric hospitals, the psychiatric department of a general hospital and three neurology departments in general hospitals. The enrolment of subjects for the study is shown in Figure 1 . Inclusion and exclusion criteria were as follows:
• outpatient at one of the participating centers;
• 45 to 85 years of age;
• meets diagnostic criteria for AD of the American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV); [12] • has moderate to severe AD based on the MiniMental State Examination (MMSE) [13] (i.e., a total score >5 and a score of <20 for patients with an education above primary school, <17 for those who only completed primary school, and <14 for those who did not complete primary school); • does not have ischemic dementia (based on clinical and laboratory tests, brain imaging study completed within the prior year, and a Hachinski Ischemic Scale [14] score <4); • does not have physical disorders (e.g., intracranial lesions) endocrine diseases, (e.g., hypothyroidism) or substance abuse problems that could cause the dementia; • does not have serious depressive symptoms (Hamilton Depression Scale [15] the imported proprietary form of the drug (memantine hydrochloride tablets, Ebixa, 10 mg/tablet, batch number 7088461). The generic and proprietary forms of the medication were the same in color, shape, flavor, and size. Enrolled patients at each of the six centers were randomly assigned to the generic medication group or the proprietary medication group using a computergenerated random number list. The generic medication group took half a pill per day for the first week, 1 pill per day for the second week, 1.5 pills per day for the third week, and 2 pills per day from the 4 th to the 16 th week. The control group took the imported proprietary form of memantine hydrochloride tablets at the same dosage. All the participants were outpatients; the medications were administered by co-resident family members.
Assessment
Assessment of treatment effect
The primary outcome was the change in scores of the cognitive subscale of the Alzheimer's Disease Assessment Scale (ADAS-Cog). [16] The secondary outcomes were changes in scores on the MMSE, Activities of Daily Living (ADL) scale, [17] and Clinical Global Impression (CGI) [18] scale. All four scales were rated at baseline and at the end of the 4 , and 16 th week after initiating treatment; the ratings were conducted by a psychiatrist or a neurologist who had been trained in the use of the scales and who were blind to the treatment group of the subjects.
ADAS-Cog assesses 12 different aspects of cognitive functioning (including memory, attention, language, orientation, visuospatial skills, understanding, and operationalization); the range in scores are from 0 to 75 with lower scores representing better functioning. Using a score of 15.5 as the cut-off score, the Chinese version of the ADAS-Cog can discriminate individuals with AD from normal controls (sensitivity=92%, specificity=90%, area under ROC=0.95). [19, 20] The MMSE is a 30-item scale that assesses orientation to time and place, immediate and short-term memory, language, and other cognitive functions; the total score ranges from 0 to 30 with higher scores representing better functioning. The 14-item ADL is used to assess daily functioning; the total score ranges from 14 to 56 with lower scores representing better functioning. The CGI has three items on 0 to 7 Likert scales (higher scores represent better functioning) that assess current disease severity, total effect of treatment, and an effect index adjusted for the severity of sideeffects.
Safety indices
Vital signs and adverse events were recorded at each visit. Routine blood tests, urine tests, EKG, blood biochemistry (liver and kidney function, electrolytes, glucose, etc.) tests were conducted at the end of the 8 th and 16 th weeks of treatment.
2.4 Statistical analysis SAS 9.2 statistical software was used for statistical analysis. The data at baseline were analyzed using a safety set (SS) analysis that included all enrolled subjects who used any medication (excluding 6 randomized patients who did not start medication). The main measurement outcomes were assessed using the full analysis set (FAS) that included all subjects who followed the protocol; this analysis was used to determine the final conclusion of the trial. For participants who started treatment but did not complete the entire treatment, the Last Observation Carried Forward (LOCF) method was applied in the FAS analysis, which ensured that the number of cases at each time point was the same. A per protocol set (PPS) analysis limited to subjects who completed the 16-week intervention according to the protocol was also conducted. Two-sample t-tests, rank sum tests and paired t-tests were used to compare the main outcomes between groups at four follow-up points, and to estimate differences from the baseline. Adverse events were tabulated and the total incidence was comparison between the two groups using chi-square test or Fisher's exact test. All statistical tests were two-sided, and results were considered statistically significant when the p-value was <0.05.
Results
A total of 431 potential subjects were identified from the six sites (from 60 to 87 individuals from each site) and 229 of them who met the enrollment criteria were randomized (using a random number sequence generated by a software package) within each center either to the generic medication group (n=114) or to the proprietary medication group (n=115). After blinded review of screening data, 13 randomized subjects were excluded due to violation of the study protocol: 5 subjects were excluded from the generic medication group either because their MMSE scores changed more than 2 points between screening and baseline (n=3) or because they did not start taking the study medication (n=2); 8 patients were excluded from the proprietary medication group either because the MMSE score changed more than 2 points between screening and baseline (n=1), because the screening MMSE score did not meet enrolment criteria (n=3), or because the patient did not start taking the study medication (n=4). Thus this left 109 patients in the generic medication group and 107 in the proprietary medication group at the beginning of the treatment. As shown in Figure 1 , 6 individuals dropped out of each group over the 16 weeks of the trial, so 103 generic medication group subjects and 101 proprietary medication group subjects completed the full course of treatment. Thus, 223 subjects were included in the SS analysis, 216 in the FAS analysis and 204 in the PPS analysis.
Comparison of the baseline characteristics of the
two groups As shown in Table 1 , the SS analysis found no statistically significant differences between the two groups at baseline in gender, age, educational level, baseline vital signs, Hachinski Ischemic Index, HAMD-17 score, or MMSE score. There were also no statistically significant differences between the groups in the mean baseline ADAS-Cog score and mean ADL score among subjects who followed the study protocol (using the FAS analysis). Repetition of this analysis of baseline values in patients who completed the 16 weeks of treatment (the PPS analysis) also found no statistically significant differences between the groups
Comparison of efficacy 3.2.1 Primary outcome
As shown in Tables 2 and 3 and Figure 2 , between-group differences in ADAS-Cog scores were not statistically significant at any of the time points considered in the study. For both groups the ADAS-Cog score decreased significantly from the baseline score at the end of the 4 , 12 th and 16 th weeks of treatment; the magnitude of the drop in the score at these four time periods was not significantly different between the two groups. A parallel analysis using the PPS had the same results. Tables 2 and 3 and Figure 2 also show the results for the MMSE and ADL scales. There were not statistically significant differences between the generic medication group and the proprietary medication group at any of the time periods assessed. The MMSE increased significantly over time in both groups and the ADL decreased significantly over time in both groups. There were no significant differences in the magnitude of these changes over time between the two groups. Analysis using the PPS produced the same results.
Secondary outcomes
The changes in CGI scores over the course of treatment are shown in Figure 2 . Based on the FAS analysis of the CGI scores, at the end of the 16 weeks of treatment the proportions of subjects in the generic medication and proprietary medication groups who were 'significantly improved' (0.0% and 0.9%, respectively), 'moderately improved' (40.4% and 32.8%), 'mildly improved' (48.6% and 55.1%), and unchanged or worsened (11.0% and 11.2%) were not statistically different between the two groups.
Safety analysis
Two cases of serious adverse events occurred during the trial. One subject in the generic medication group died suddenly after randomization but before starting the study medication. One subject in the proprietary medication group was hospitalized due to multiple cerebral infarctions during the follow-up period; he was subsequently dropped from the study. Neither of these events was directly or indirectly related to use of the trial medication.
The most common adverse events are shown in Table 4 . Based on the SS analysis, there were 23 subjects in the generic medication group (20.5%) who experienced adverse events and 30 subjects in the 
.30, p=0.255). Most of these adverse events were probably not directly related to medication usage but, rather, the common symptoms seen in elderly individuals.
Seven individuals in the generic medication group (6.3%) and nine individuals in the proprietary medication group (8.1%) experienced adverse events that were considered related to the medication ( χ 2 =0.29, p=0.591). In the generic medication group, three individuals had EKG abnormalities and one each had bipedal edema, eczema, insomnia, and renal dysfunction. In the proprietary medication group two individuals had abnormal liver function tests, two had renal dysfunction, and one each had sinus bradycardia, constipation, abdominal pain, rash, and trembling limbs. In most cases these adverse reactions were mild and resolved on their own without any specific treatment. The severity of adverse events was mostly mild and did not require special treatment. There were no statistically significant differences in vital signs, laboratory tests or EKG results between the two groups at any point in time throughout the study.
Discussion
Main findings
This multi-center study enrolled a large sample of individuals with AD from different parts of China and used randomized, double-blind methods to compare the efficacy and safety of domestically produced generic memantine to that of imported proprietary memantine. Changes in ADAS-Cog total scores among individuals with moderate to severe AD before treatment versus 16 weeks after treatment were used as the primary indicators for the treatment effect. Based on this measure, both forms of the medication resulted in significant improvement in the cognitive functioning of study participants. Moreover, there were no significant differences in the magnitude of improvement or in the rate of improvement between the two forms of the medication. Results for the three secondary measures of outcome assessed -changes in MMSE scores, ADL scores, and CGI scores -were the same. The efficacy of memantine found in this study confirms the results of many studies in other countries. [11, 21, 22] The current study also shows that the generic form of the medication manufactured in China is equally effective as the imported proprietary form of the medication.
In the current study two participants (one receiving generic medication and one receiving proprietary medication) experienced serious adverse events (one sudden death and one multi-infarct stroke), but it appears doubtful that these adverse events were related to use of memantine. The adverse events that were clearly related to the medication (including abnormal EKG readings, bipedal edema, eczema, insomnia, and kidney dysfunction) were mild and remitted spontaneously. There was, moreover, no significant difference in the prevalence or severity of these adverse reactions between the generic medication and proprietary medication groups. Thus these results support the findings of previous studies that found memantine hydrochloride to be reasonably safe and well tolerated in AD patients. [6, [22] [23] [24] 
Limitations
There are several potential limitations to these results. As shown in Table 2 and in Figure 2 , there was a clear stepwise improvement in the four outcome measures at each of the four times the individuals were followed up during the 16-week study; we analyzed results at each time point and found no difference between the two groups but we did not conduct a repeated measures analysis of variance analysis to demonstrate that the overall trend in changes during the 16 weeks did not vary between the generic medication group and the proprietary medication group. Patients with AD may be advised to take memantine indefinitely, so a 16-week trial may not be long enough to identify the long-term efficacy or late-appearing adverse reactions of the medication, though it's doubtful that there would be substantial differences in the long-term efficacy and safety between the generic and proprietary forms of the medication. One important consideration not addressed in the current study is the relative cost of the two forms of the medication; cost-benefit analyses need to be included in future longitudinal studies that compare the generic and proprietary forms of memantine. Another area that has not been explored in detail is the appropriate dosing and intervals between doses; further study may help to individualize the dosage and frequency of administration of memantine based on patient characteristics.
Significance
This study convincingly demonstrates that the generic form of memantide produced in China is equivalent to the imported proprietary form of memantine with respect to efficacy, tolerability, and safety over the first 16 weeks of treatment. Further study is needed to confirm the efficacy and safety of the long-term use of the generic form of the medication. Given the substantially lower price of the generic form of memantine and the expectation that individuals with AD should take this medication continuously, the widespread use of generic forms of the medication could substantially reduce the financial burden of families who are caring for elders with AD and decrease the health care costs of governments in jurisdictions that have rapidly aging populations.
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